
AN ARTIFICIAL NEURAL NETWORK MODEL 
FOR FORECAST~NO DAILY GLOBAL SOLAR 

-ATION JN.IBADAN, NlGERlA 
I 

Mmlliw rand pdct ian  or &ily global mlai diaiun data a miseatid faaturn in the 
doveloprncnt and m&mcnt d miar powwed rynems, such m mlv thema? md s o h  PV 
system with applic~ans in mctcdmtoay, mtwabk dmtnrconvs$*mmqy (Gqofmg 
a ol.. 2007). The nacd fpr c m ~ v c  a d  a~cuw solar d a - i o m  dm on bng ~ t w m  for 
any given ciic is amsidcmd one oC dw m a  impmm mammlogiesl pammmr in the ~ d *  
mtmc prcsrtiaiun of tcnewabk atcfgy syslcms, pdculwly in'shgphwwol J c  (W) power 
syrtcma (Mellit ct at ...iOO(Z). H-W~ &&ng duif ,conrmonpk pmbkm in muuaalogi- 
cal records, which c&tm d i ~ a o n  in damana;lysk. It is 'fairly m m o n  fw a time w i t s  80 
haw gaps fof a v~ricry dtcar~ns. ,  ~ s u a l + ~ n s  k t &  the&- ofsdtardrrto lu the rwsded 
fqwWI egistaon mk Md Iu a m i !  of 'the bclechn of outliers [Uule and Rghin. 1 982 
S L l r .  1 9% Wn% 2000). For i n s t m ,  &'thily globri solar ndialioa d m  wUcetd fmm 
u mcmlogiral Wian luc*ed in lbPdul Niprip for the puiud taweta ,  (984 and M07 had 
5.09% missing data with the ? H I ~  for year 2b05 wmpktdy mipsing fmm LC dDUlhDsc. 

A W b k  miutiun to rhispmblern is the inmpddon md excrnptruim method in which 
pndiction estimates qrc mtdb using &a hon days- before and days afim tha missing data 
(inteqdution) w wing p~viour d m  bebmrhr! missing dual tcxtrtlpoladon). In this method, an 
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212 D. A, FADARE AND T. T. O W W  

univk-.w~I l&wW in tbc& is -mtd ( ~ ~ h . o l a d i , i 9 8 9 :  Kuhn md~mk.. . 
19861. Howwer. mq~mlo@al dpta L Z ~  k m m  w &1 mulrSvariauc md nc#r-limr [ h o c k  and 
b b p d q ,  1.W), thm hitkrf & dability O f h  asttmatea; 

.* 
.~sCGond* 

is ihe use af&a@cd rwds lp ,  $ w h  rri Auabmgmaiw(AR) p d k h n  ( ~ g u i o r ~ d  OQO- 
- ~ ~ m ~ i ~ a m ~ s t t d ~ ~ l w h M ~ m o v E n a ~ - s ( - ~ )  

models, [Mom md Shh-FP981, awcl WY mdti= mltVix (m. (Ami~  
-1.'. 1988). .All 'thcpc h l o p # l  models msc buecl oa simplibd &n!d -ti-. 
wbleh in most w not d w q s  ~fu~~(Gwssom u r3;, 1998), 

~daputiun of d m  h m  d o n s  i s  mother methd u& ifi m n -  
stnmhg d d h g  ( ~ o r r  gt gj, l3M}. &hda at. 11.W) used mWc8 to hbr4aie 
Cta Wm a~md ~&M~ut ing  w a t k q i s i ~  ck dewi~y af,W mthtr swims is 

- b, ib W of & hktl #i8hbo~dng ~ R S  WEiM W l d c  WSG &fly &F 
pa- M o h - e g l y  mhtd  to lW.landdcrpc.mnt?itions ,@lrGt a d  idimpson 1m). 
ThF "6udsF2harrdIh& t&hniquq lo -ywtttw mGctrod u& p&ikti& pi-g ctatlr. This 
rnhd \ ~ a ~ - & u e l w  mty T I  the mi\iuimtc time d, P ut the fomcgsting Wormanct of 
the m d  ww bot.mlunt+ {Srockingeid DUIW* 1987h I)ouble w m t  qb1111dwim f ~ f e  
esning <mW on t(ahbnm s d f ~ ~ ~ & & g  maps (Simon. NU4j;md (ha us of l i n m  

I and mixed m W h  h o d a  u d ,  PlCL t h e  @la = fm skon m n g .  
E h c ~ ,  an not e . m h l a  fw-on aP b g  wm solar rad- 

'Ilis artificial n p n l  mwcrtk (At@@a#pwh p m ~ i d e  r Mabk sralutiart to 1h.e problem af 
pnd~i.tionafloaptsrmal&gd.tlbcutlrcitirb.rcdon~ing~tmtlariPrioPl~I& 
tim,ANM lnomsl cu, kaid ropralictrdiulti ftMlsuraplcrmdoncc vsincd un Wwm 

- predi- 8a v q  hi@ . s w d  Wl Ik  d-, al., , ZOOS). ' h ~ y  am &It ro dm1 ~4th natilfimr 
pmb- SWI multS~m tim mi& -on of mdhtion; A &mW OF &fle@tt. 
.archiftozurcs'pnd lcrming mcthcib have i)sM aeplEal'wih Garyinp5 degr#r of waeu a ihe 
p&em of ~ ~ n g - f u ~ r e  WI* srf dm miw for rcrk radi- ( E h n d o  d d., 1998: 
Al-ALwi md Al-Mniti, 19% m, F e  2009), 

ANN o b  a k d  I "ncunl mu6W {NN). ir a la;rghmaticrl m a d  w cmpuuciojlal 
ma&l W d  oh bi~lol(icrl mi ii i&$m&ti proeLrmDtig p d d i ~  t h l ~  is- 
fnnpid by the w-iy biqbgid r-i~ om$ m w the Wn,  p@ infomadan. 'Ihc key 
s W m  of rhif puadigm ir the n & l . s m d  of the infbmadon pmo~ldng sywm. It ir: 
a)m- of a 3w$6 uumktafhighly i$*W * m n 8  cttmmb (nmm~) Working: 
in u n i m  to solve q&ptabkm~,  MNg, g k  humans, by axam&. Ad ANN b anfig- 
urad for a qxdf5c application, m& a s , p y t m  m c q p i b  or dara ddficath~, W&h a 
Icatni.a& p c m ~  m i n g  h WolagM @+mi En- Mljunmsntr tb the sy&@c caahst 
rioas.&t p x i ~  mm .the mimas. Thi b -of ~di~wwwll  (gDergi(Lp a d  Siganq 19961 

ANFt is .n d s ~ v c  rystm that d r m p  iu'rvuCtllrc, b ~ c d  en cx~oma1 w b d  i n f m -  
t i o n l h s t n m ~ & k n e t w o r k M q & W a g ~ ~ c ~ c U h r u t ~ c ~  
pmrs €wqfgb_t .md m] kt g w  dohe o p d m  call@ ttrt td&g phme. ?b net- 
wrk $E.tmtnsd'Mb wpdgsQ-myT#iupwkd 1-hg dgOrtdm-Ak the training 
pha;sa,'&um wqmtm gra a,& m d 4 b ~ ~  E$ @loyal to &YE dwpbkm hand 

- .me wlasansptd!!~mNN ryHBmpmnremr wIcwecd emmatic in i step by swp - 
durn tp qrimjBG rk #- caS- ~ * ~ - P o P o ~  En'ipltdt intanat cpmitdnt, which 

' #  L wmmly mtw m i+ tho m.$ic.*m~ho hputhusput V*ninp.dam~t llr tm fund* 
. msnral .in ncu-1 I- ~ o ~ , ~  thoy mvdy the aaesaq  hfmmtion to idQnrify 

lilt bplex.rij1aqWiship 6bl:~k th~  ir\ptt-slccspsr#d thtdicsired - mpu'tpmramam . , m 
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ndhmu aauia bf the bE w C n &  e l ~ i r t ~ ~ l t l p k ~ i a c ~  &ex&yam with hrp of tkfMlif~ m 
&km'prYredcirtb my cMd inpuhj#ai f i r r p . ~ r : ~ b u m & f k i a 1 l w t l n ~ n e c ~ ~ ~ ~ ~  

%'he wmw-PI & i s d $  ~ 8 8 , ~  inwrdglltc .@ehMlhy  .of using AM4 UJ d l  rhe wn- 
linear rrt&thsMpP in rhe & H B ~ . B S  glahl rolatpdkb. Hence, tht model-m be used to 
p d h  m i n g  dbiJp&M dar  d&&m dm.L Hi@& 
2Ma$arhband- 
ZI 'b swc# 

"iTrc daily global wbr taPluisn &p w d  h study was abtMIFropr'.a -logical 
s W h  l&d'jn X b n b  @& 7.43W* 3$B ALt. m2mb Wth, far h"ptriod of 
1*1e007 € 2 4 ' p b  Abwr 3.09% ofd&ooWhdiim dW WW nissTng RKtht psc&*l. 
W e  d f ~ b . m M g ; ~  h m h  year is shwn IfiWb1, 

nab1 r ~ ' m t  w mwa;krr#'m* by * 
St# 

1. 

3. 
4. 
3 
:&. . ,I. 
$a 

3. 
1p. 
I I . ,  
I T  

J W U I B ~ ~ ~ G ~ I W  t 3 y c i ) n - o c l t p ~ ~ j r a u r l ~ m i ~ g ~  w ~ ~ ~ ~ h ~ a y o r a &  
c8m-k Tho p e n e , # P m i s i g  dur k++d 1984-rn wtr 
m w  ur s.&w:.~~I nrrxn- dfm i v r i ~ h . w b  m n  m~um rxiwud in r& 
srudy.'f9im* 1 &WE h e n  of F y  Wbal dLLar mdWm lor k@ d-nt rspn wich 
&rnpWWar t$diatim 
t a b q p . d t h a M U  

N##rcrl NsnwodrTdbolc f o y M ~ * w i s u s c d m , . ~  tlW d mwozkl. 
Tkbtricmgs!nvblvcd in ddgitinp ibo,iwwmbmrua : 'on .dwlw raCr ipn bslrrt: 

w-gboQdm [wWfmbiqdm$;Bs@-d@m newal W o r k ;  Thinhg m d  
*bhrnd lWm&..SmW l u r d m n  with tkrlmuml,Ww&s a n d ~ l t ~ ~ ~ r *  
:md w b g  ofpmdktd mi&. 

m + m  og,d&k 

- W ~ d & a m W u e # w a &  
T l w ~ ~ i y ~ a f ~ , f u l i f i & l  nwnl wd qms& o~lhrsc ~qysn olnqumar:'a layer 

O T ' * ~ R W ~ I I B ~ S ~ ~ O ~ I P ~ O I  %hm'~~(~m~dcb iPCOiMCttad 10.Ily~0r 
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"iwrp.rp mmms. nlk in -nwmar npmt thcrawkfnmnrion thu is f*d into rho ~ y b r f ,  
~ a r d \ r i c ~ d & d l ~ ~ ~ ~ ~ $ M b ~ , & s n i v ~ a t i u f c h t  utmwummdcho 
 as^^ *ms b~twden t ~ b l p W  and t k  nm muma X Maoiour er,tht 
o u q u t . ~  ~=m..lhc mtivib or~leh~dsn d . u d r h c  wciphur*m the )iiw 
andouqpl~r ~ R & t l ~ e e 2 & m . ~ M ~ . d a ~ f l & - l ~ H ~ l .  
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She numbor of bidden lay- tuld $ha h u m k  @f n o u m  in tlw h W n  -lap was Wrhd 
during the b i n 8  pkasezao hat the network m be m+d tiZd~ntty.~?lre hiddm by& IWS 
wried from 5 u, 2Q in .s- of .S. A ooncsvocwl neurrrl mwrk mu& be Mfiecl to . h m  or 
modet hi mtedmhip ham givm inpWoutpui &a er set,af~nmsmmenbi* A patian d 
cak rvlilablt dga war ulod o W htminlag d m w ,  whik I knallsr panSon of thc dsro rhil w 
exdud& horn the mining Qmm ww u d  a &b mt B m w t .  In this mdy, OM datamu af 
drily gtObal wkr widon da'wem u m l  o -in pu .a- 'Ihs fim st t,mrds~i:d d drtr 
fw-Q'yem spamhg E8WNQ6 (md11Siing 2005 and tW s~coticl ibwt conidrued i,F 
datatbaonrcmQ6D1). 

-32 k w o s b ~  twamultilo)lrwAN# 
Tlw two Wdng damsas haye bnan. used to d n  h e  -work wcardii tn following 

mmw : 
r- The Rrsr f vdum Y f b t  5 days) of wlar r a d i b  Cta b m  month was 

. \acdinhcLpulyarlodro*rRdidga,vl*ortbbmrti~UdrytCacrd,msnibw~ia 
the outp;ut bet foj $11 msh* ofthe ywr. - 

2 : ,Ilk f i f ~  1Q-Muw of +_tat d a d o n  ,b Prom a s h  month was UW in .&c 
h@c I$yw amlW mt aT & vd~,far chwwmidng 20 days was @.in the output layet fw 
aJl m-mtb of the yew*. I 

3, :, 19 ~alutg of sol# dlatiop dm was used in input 1ttw rml thE v a l w  ol 
.he pnmhh& i5 dup w ~ u d  i rht output layw Pw ajl mofiths of ttrer yew. 

S m  d : 'TIM fim 25 va5umi of dk cadiaim from month was u d  ia d~ input 
~a *:WW dufg fa lbe mmdniiq-5 days was uad in rhc uuptt layor la all 
r n h  of rbc p r ,  

Srrrrcl i l iu$:Sd~of~o(*mdW~n.ivmardbthcinpn lrynmdiabheanpl~ hy~. 
thd nwrl w k  m l i ~ o r i  vaIu& 

pdimmiiic of tb dWmnc tmwph &I @&ng (tat di i iy  solar radiation fw 
tag yew was rnd io dekrmjns t h e w s  gwociliudm nprbility. The urly anp 
ping w l q u e  *sr uiod to irnpra* g e ~ I i z i a t I ~ n . c l p i y  af Un ~etwmlc rad to prevm fhO 
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The mW wai ,&& by: €-g in s e  e n g  p.ttam abd larctng'k c h a m  (o 
wcighthgfswdtrg to w m  ming mlt ( h ~ p ; * n w . l ~ W h t ~ I ~ ~ ~ ~  mw 

-wmlbsripaaarg*iai ( * P ~ ~ I : t r a 3 m h g  .Igaib h n - u r p d . m  itr o6&dm wi*-othw 
PW.W?~.@~ .BPL35 Quul b , ~  Wbsa w-@p@ana M L m & q . @ e  

. err.+. it comerpi W , m d  in irrort ,&&* h b: & bw pf&moc.-~hwg& it has tbe 
dhdyan- dudng.4pabrufmsncory'akd if rbs- bl$rgc,mcnit m o u t b b  
memm& (Dmuth and Wh aMlO). 

P&.~Jirainir o f  web slructtm chs maigmid msfnr W o n  - 8 ' ~  qwd ip the 
. h1&knt;hyer6 w i !  d m  -& fiaerlas *pmIlln'\mr in * cnwl hym. cmtin4 -.- :.-@ Mcdm was u@ m4 tkWQ Zkt wgu mid na be Mad tilite .tk 'mig* nc- 

w h k h ~ , m r p u t  -0 d + l .  ETBmr ougwt wmm am d, tb aurput caa mke - 
on any d u e .  Slhml d .Bmbr m), +' 
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I The hsrdilons in-* ~emdizod~rncan~k &rotduring @mining phdpc-lQrromc of 
"~WW ae Ph- in R&s. 
h m w  ww, xh@ wrd BOIM r+di&m dlU hay not dwrp bc available am long om, bagit. 

-ally if than m 6 couple of mfsnfng data in rbe.&&asu, ;~ltanpi*ai mpk KI ynEncd the 
mwrk sfrucarres Md HmiM s o b  rrrdW0n datp, Pbt th5i pwpam drily one yew t200 1) dbcs 
out of the 22 y k m  solarmdWon d&a WM @ in paining & m 6 r b  m&-tk prcdklon 
ed- . .  of h e  dif%!mtiilnwm ~ & . ~ ~ ~ ~  f~~ fbS .y~s l  a 7 1  

AH A S I R W  fJSURlU m R K  MODEL FUR -& 257 - - 
ww -- m a d  nrpm~ WM w w  r r r l d  3tth m ma. 

a p b ~ ~ ~ p ~ . a f a w ~  
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h W pamG a suhbh m t h d  fqr @ m d n g  m # q  daily. global sotar -ion dam 
ugtq an artificial ng~rt l  &wo@irr &&bed.   he pmH&n d Purumsqwc& d d i i t y  solar 
mdiaion is  done in r $imp& WW. Thir&@ hol pmdlct fuwn ddly rots ndiation v r h  of 
I day hwcd on ?kt m l ~  gf t b a - e i w  5 dm. Ttris matbod is  suwk .few Rl tin% missing' 
dw.ol'duily r o b  md4d~n ThG validadmi of ihe m a  wu @omad with previous dam 
whiolrltrtnrodslbrna,kbdo~a~&rkat,dmderr~~o&ekc+ 

W WIPIBI &la$ -OR .w af 0.p WBTg &@inad f b ~  5 ~ h m  
treined wilh 2k yevr uid me JCU~U.. m##&+pi$ ihciupbammcWm wi@h Bc ampmYo 
m1 wed by :** ottgbpisc thw ipaw-w aminad *\mi# IY)di* of a 
N p h  mdw, ihe wq&b&y a~ bs.4&1hd r0.W mmwbi~w 4ath asd fw my gw- 
gmph1&.am. I 

1. Ac&. M. C. and Y, A. Paellspky : &thmrj.np missing a;reath dam rot *cut- 
rw sirnrilatims using gmup rncth~d af dm b midfine. Jmrd' ofq~plied WI~Q* 

3%7b pp* 113bt184 
2. &ul% J. M. Coil-rtl and S. P. (!98'8) : Simpk pamdum for ~ e m i n g  

of daily radia&n dsla win5 a l i ~ ~ o ~ ~ o v  Ma+tiw Ma~rica Solar &eqy* 49, 
pp. 2253-279. 

3,. Aguiru: R. and M C u l l m h i m  ( 1992) :-TAG :A thrc dtp&nt aulo mssiur ~wrsinn 
mudel fbr ~ n e i k h g  synthd! bqrrdy &dm. S8!0r Wtgy. 49, pg, 1 67-74, 
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A. A t ~ 4 b L  .s* M. -d H. & A-Sflai (1998~ : kn m-bd appmwh for prod3ctin8 
*wwrmin k c a d o m 4 t h m & m ~ f f ~ a R L c l t w ~ & g y ,  
1411-4).'pp, I*-M4. . 

5, A r h d  N, 6 t Ldl& lnd lL Q. B w  ( 1,957) : AppEcgtiBn uf gouycp~im M .clnrlu- 
lua pankl whvlhcr swm w o & e  A* Fimb MIQHlqL. M pp. a*. 

d 8.- I. R. rn$:T+ #, + Simploq [tw) : @ W e  yyiePiNiy WMa rhe IWquhidda 
- c a m b ~ n t s  w iila dthcl be ptamwm*i.l&+. J., n ~ m i ;  1.45. pp.. 37 I-M?. 
7; Deanrm, fb md M. hkk (ZQW) : ~ o l n j  &mk l b o l k  Mwut Mrtfbwks I n r  
. USA- mppa 
8i Himdo. D.. G+ Hoqmiboprn, R; MC Clcndoa (1086) : -pkm of &RI NqWOik 

daily sstm rdWm Agcic- ~ W I  M C m d ;  71, pp, 1 E5d2. 
9.. Fadam, P';)r. -1 : F p d n g  Df q* m g y  ~b M&a udng an a*heid 

wtll mtwoir n;odol .wk;d brew (in press) doi : i 0 , 1 0 1 6 1 m d ~ ~ a  1 am$* 
I OA -,.W; N, 182WO) :.I& mahm4 ' mm hmas&r.Ewm&wik. Wing'hpw* Bw- 
m :Calm. $f mJ- 

1 I &Iacot, Sk. QOO I I) 2 ArtlfficM, N a d  Mwdcs ,in pwable  etl- sysucms ;appLtm- 
iioni: a t~ibvi. ~ l u r o h k r :  h r g y  &pi&, 5, pp. SW 1,. 

12 Kohn. 8. aqd C E h l c y  (1986) : Wt filming for acasonal mowing 
D m  Jwmk B i m m W  73(21. pp. SQ-32k 

13. ~~k.~.1~.aodW:B.hbin(1987);S~r'd~g~&i~&alohnW~y 
tlml S w ,  New Yo& 4@p. 

14- , W, A. a d  A. A h a  :(l989J : A AWQ mw:M~brrifirr, mcdd of -I b d e * ~  flit- 
ibk fa plolowllaie cmwnioh ~olar.&&T&~ 6. pp, M7~51. 

15. Mdl&A, M. w g w n  end S,A ~ g i m  t i i j  : ~ n  &+ wdor i r c l w  
for i m n g d u 7 y  [oral (olar wdi-n. ~ d e d  EMlgY 8% pp 10S.722. , 

t4. Mom, L L L. and M1 SidmikbCdona 11998) : MultiptilearJ~ ARMA mdds $0 
-' ho,urly ~ u t ~ l o h l  imdbim. &1Qr &#qy 63. rn 283-91. 

L ~ + - $ M o ~ .  P.. T. W. i m r n i s  ant~ G. k. s ~ r h d  ( i ~ >  : aimate dm +rrimim wing 
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